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AIR QUALITY STUDY. 


ELMENDORF AIR FORCE BASE* 


is INTRODUCTION 

At the request of the Alaskan Air Command, the Engiconm ental Engineering 
Section of the Arctic Health Research Center conducted a one-year study of air 
quality at Elmendorf Air Force Base. The study was to provide the Alaskan 


Air Command with information concerning the overall air quality on the base 


and to determine which sources contribute to the overall decay of air quality. 


Elmendorf Air Force Base, in southcentral Alaska, borders the northern limits 
of the eign of Anchorage. Geographically, it is situated in a broad valley ad- 
jacent to several narrow bodies of water; namely, Cook Inlet, Knik Arm, and 
Turnagain Arm (Figure 1). The terrain east of the installation rises gradually 
for about ten miles to become the foothills of the Chugach Mountains. These 
mountains have an average elevation of 4000 to 5000 feet and create an effective 


barrier to the warm, moist air from the Gulf of Alaska. 


The Alaska Range, which lies along an arc sweeping from the northeast to the 
southwest of Anchorage, acts as a barrier to the influx of very cold air from 


the north and is partly responsible for the area's moderately mild climate. 


Elmendorf Air Force Base is the site of headquarters for the Commander-in- 
Chief, Alaska Command, and the Commander, Alaskan Air Command. It is 
also the major terminal for all military avation and resupply in Alaska. From 
its two runways the base handles approximately two million pounds of cargo and 


three thousand passengers a month. Elmendorf covers an area of 13, 400 acres 
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and has an assigned population of over 10,000 people, with more than 1, 800. 


housing units for military families. 


O. AIR SAMPLING 


Because of previous limited air-sampling in the Anchorage-Elmendorf area, 
virtually no background data was available. For this reason, limits were set 
on the scope of the study to yield meaningful results within the one-year period 


allowed. Only major sources of pollution were considered. 


Basically four sources of pollution were evident: power plant emissions, auto- 
mobile exhausts, airplane exhausts, and the general air quality of the city of 
Anchorage. Pollutants from these sources fall into two categories; gaseous 


and particulate contaminants. 


Generally speaking, most gaseous pollutants are products of high-temperature 
combustion. In non-industrial areas, such as Anchorage-Elmendorf, the 
major source of gaseous pollutants is motor vehicle exhausts. The remainder 
result from the combustion of coal, fuel oil and natural gas for space heating, 
and electric power generation. Some of the pollutants that arise from these 
processes include the inorganic oxides of sulfur, nitrogen and carbon; and the 


organic aldehydes, ketones and hydrocarbons. 


Of the pollutants produced through the combustion process, five were selected 
to determine the condition of air quality on the base; nitrogen dioxide, nitric 
oxide, sulfur dioxide, formaldehydes and ammonia. These gases were cho- 
sen because they are the most common deterrents to clean air (Table 1), and 


their existence in detectable quantities would be consistent with the sources 


specified. 


Oi the particulate contaminants, dust and smoke are the greatest contributors 
in a non-industrial area. Power plant emissions and open burning comprise 

a major portion of the smoke, while traffic and wind action combine themselves 
into an effective means for spreading dust. While particulate matter is sus- 
pended in air, it is commonly known as an aerosol. The importance of aero- 
sols as pollutants stems from their part in reducing visibility, soiling objects 
they contact, and from the toxicity of their chemical components. The chemi- 
cal composition of aerosols varies not only with origin of the particulates but 
with the compounds they absorb. Thus, it is important to determine the chem- 
ical nature of particulates as well as their quantity. For this reason particu- 
late samples were analyzed for nitrates, sulfates, chlorides and lead. These 
chemical constituents would indicate the presence of particulates from the high 


temperature combustion processes which were expected to be the major sour- 


ces of pollution. 


fit. THEORETICAL CONSIDERA TIONAOF POLI TANTS 


A. Cases 


Oxides of Nitrog en 


Airis the major source of nitrogen for the poerasicn of nitrogen oxides in 
non-industrial areas. The ee of fuels in the presence of air converts 
some nitrogen to nitric oxide. This is oxidized to nitrogen dioxide and then 
to nitrogen pentoxide, which in the presence of water vapors forms nitric 


ela 


The oxides of nitrogen are important because they endanger health and contri- 
bute to photochemical smog. Nitrogen dioxide is considered the most toxic 
of the oxides of nitrogen and in itself produces pulmonary irritation. In reac- 
tion with hydrocarbons in ohnthenenet smog it also results in eye irritation, 


‘vegetation damage, high oxidant concentrations and reduced visibility. 


Sulfur Dioxide 


Almost all fuels, with the exception of wood, possess a measurable sulfur con- 
tent which can be singled out as the major contributor to sulfur dioxide pollu- 
tion. Faith (1) reports that the amount of sulfur that is converted to sulfur 
dioxide varies from 80 percent for coal to almost 100 percent for liquid 

and gaseous fuels. The remainder persists in an inorganic form in the 


ash. 


Sulfur dioxide, like nitrogen dioxide, has adverse health and nuisance effects. 
Because of its high solubility in body fluids, it can cause severe upper res- 
piratory irritation. Its eventual degradation to sulfuric acid aerosols can 


cause extensive corrosion and vegetation damage. 


Formaldehyde 


The presence of formaldehydes in the atmosphere of non-industrial areas can 
be attributed to motor vehicle exhausts. Since the complete combustion of 
gasoline yields carbon dioxide and water, the presence of hydrocarbon 

derivatives is considered a result of incomplete combustion. Formaldehyde 
is similar to sulfur dioxide in its action on the respiratory tract and eyes, and 


is therefore worth considering. 


Table 1 - Classification of Major Air Pollutants 


Major Classes Sub Classes Common Pollutants 


Hexane, Benzene, etc. 
Formaldehyde, Acetone 
Alcohols, Chlorinated 


Organic Gases Hydrocarbons 
Aldehydes & Ketones 


Other Organics 


Inorganic Gases 


Particulates 


Oxides of Nitrogen 
Oxides @f puliur 
Oxides of Carbon 
Other Inorganics 


Solid Particulates 
Liquid Particulates 


Hydrocarbons 


sO, 
CO, See 
HS; N 3? Hr 


Dust, Smoke, Fume 
Mist, Spray 


Ammonia 


The common sources of ammonia, according to Faith (1), are chemical oper- 
ations, petroleum refineries, incinerator effluents and stockyards. Generally, 
it is not found in concentrations above 0.2 ppm and has been considered a pol- 


7 
lutant mainly because of its nuisance as an odor producer. 


B. Particulate Pollutants 

Particulates are measured both quantitatively and qualitatively. The chemi- 
cal constituents of the aerosols help to indicate their source. Sulfates and 
nitrates are usually derived from the same sources that produced the oxides 
of sulfur and nitrogen. The presence of chlorides would also be expected in 


the aerosol particles of the area because of its proximity to the sea. 


Lead, an additive in gasoline, is emitted from motor vehicle exhausts and 
would likewise be expected to be present as a particulate pollutant. The lead 
exists in the form of a halide, or as a member of an organic complex. Itis an 
extremely toxic element, interfering with the development and maturation of 


red blood cells. 


IV. METHODS OF SAMPLING 

A. Gas Sampling 

Because of the low concentrations of gases expected, and the sensitivity limits 
of the analytical methods employed, 24-hour samples were collected to provide 


an average value for a given sampling period. 


The actual sampling procedure was adapted from the methods prescribed by 
the National Air Sampling Network (2). Air was drawn into a sampler and split 


into five different flows through the use of an inlet manifold (Figure 2). This 


permits simultaneous sampling for five different gaseous pollutants. The five 
flows were bubbled through absorbing reagents, each specific for the particular 
gas to be detected. At the end of a 24-hour sampling period the test tubes con- 
taining the exposed absorbing reagents were removed for spectrophotometric 
analysis, which relies on the development of color in the reagent to determine 


the concentration of the pollutant (Table 2). 


To maintain equal flows through each sampling train, hypodermic needles were 
used as limiting flow orifices. Needles were calibrated in the laboratory so 
that each sampler operated with the five trains rated for the same flow rate of 


about 0.2 liters per minute. 


The gas sampler, an air pump, and a seven-day timer were housed in a sur- 
plus Army footlocker. The timer permitted simultaneous, unattended sampling 
to be carried out for predetermined periods of time. The temperature in the 
sampling train was maintained at 80° F by insulating the footlocker (1" styre- 
foam) and installing two 200-watt resistors,.and thermistats, in the sampling 


compartment. (Figure 4) 


B. Particulate Sampling 

The particulate samples were collected with high-volume air samplers capable 
of filtering more than 50 cubic feet of air per minute. The samplers were 
housed in specially built metal enclosures (Figure 3) to protect the filters from 
the elements. The enclosures also prevented material from settling on the fil- 
ter, insuring that the sample collected represented only the amount of material 
present in the volume of air sampled. The samples were collected on 5! x 7" 
glass-fiber filters of relatively high purity, reducing background interference 


for the analytical procedures. 
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Figure 2 - Gas Contaminant Sampler 
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Figure 3 - High Volume Particulate Sampler 


Table 2 - Methods of Analysis 


Pollutant Category Method Type 

nO Gas Saltzman Colorimetric 
NO: + NO, Gas Saltzman Colorimetric 
sO, Gas West & Gaeke Colorimetric 
Aldehydes Gas MBTH Colorimetric 
Ammonia Gas Nesslerization Colorimetric 
Sulfates Fart. Barium Sulfate Turbidimetric 
Nitrates Part. Hydrazine Reduction Colorimetric 
Chlorides fart. Ferric Thiocyanate Colorimetric 
Lead Fart. Acid Extraction Atomic Absorp- 

tion 
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Figure 5 - Complete Air Quality Sampler 


Aiter sampling, the filters were dried, weighed and cut in half for acid and 
water extractions. The extracted samples were then analyzed, in most cases 


following the methods used by the National Air Sampling Network (Table 2). 


The particulate sampler, as well as the gas sampler, was placed on a small 
wooden platform. These platforms provided a level surface for the samplers 
and assisted in locating the intake ports to sample air more closely resembling 


that being breathed. (Figure 5) 


V. SAMPLING SITES 

Several factors influenced the selection of sampling sites on the base. It was 
felt that each site should have the capability of monitoring as many of the major 
sources of pollution as possible. Also, each site had to be located close to an 
electrical outlet to provide power for the samplers, yet far enough from build- 


ings and pollution sources to provide representative ambient air concentrations. 


After a survey of the base on August 10, 1967, four sampling sites were selec- 
ted for the study. Their locations (Figure 6) came closest to meeting the above 
conditions without interfering with normal base activities. The sites were lo- 
cated in major activity areas of the base and were nearly equidistant from the 
power plant, forming a semi-circle around the northern half of the plant. Be- 
cause the power plant is located on the southern perimeter of the base, it was 


impossible to completely encircle the power plant. 


The sources that could be monitored by the sites were not the same in all cases. 
The power plant and air quality of the city of Anchorage were factors common 
to all sites. However, because of their closer proximity to the runway, Build- 
ing 31-270 and the Diesel Plant were considered to be more influenced by air- 
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crait emissions. Conversely, the Sign and the firehouse were felt to be more 
directly influenced by automobile exhausts than the more remote aircraft 


activity. 


With these limitations, each site was considered to be influenced by at least 


three of the four major sources of pollution. 


Twenty-four hour samples were collected monthly. To compensate for possi- 
ble breaks in the sampling procedure, two successive 24-hour samples were 


taken for each sampling period. 


Vix PDISCUSSIONFOR RESUIsisS 

Due to delays in delivery of equipment, and the Fairbanks flood, sampling was 
not started until September, 1967. The sampling equipment was also being 
utilized for air quality studies at Eielson Air Force Base and in the city of 
Fairbanks. Consequently, it had to be transported between Anchorage and 
Fairbanks, but »roved durable considering the abuse it received. It soon be- 
came apparent that a generous supply of replacement parts should accompany 
the sampler onits trip to Anchorage. Asa result, only one sample was fst 


because of equipment failure. 


As noted in the Appendix, on several occasions power to the samplers was in- 
advertently turned off by base personnel. This was the major factor contribu- 
ting to lost samples. In most cases, the samplers were turned off before a 
sufficient sample could be taken, making the entire sample useless. This fur- 
ther justified taking two successive 24-hour samples. This procedure proved 
successful and resulted in only one instance where both samples were lost ata 
site during a sampling period. 
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The results of the study are reported in micrograms of contaminant per cubic 
meter of air and represent the average concentration for a 24-hour sampling 
period. The average is the best indicator for a determination of the overall air 
quality. It tends to yield more consistent results because its value is least in- 


| fluenced by the wide fluctuations usually experienced with air pollution data. 


When the sampling program was completed, the data was arrayed for statisti- 
can analysis. In a program of random sampling it is important to determine 
uniformity of results. The degree of uniformity will indicate how representa- 
tive the data is and if it follows a consistent reproducible pattern. With this 
technique the unusual or extreme condition is not over- emphasized to the point 
it distorts or misrepresents the usual condition. Because the sampling pro- 
gram was comparatively limited, it was encouraging to find that, for the most 
part, the data followed a fairly normal distribution. This is clearly shown in 
Figure 7, plotted as an example. These distributions indicate the percent of 
time, or frequency, with which the various concentrations of chlorides and 


nitrogen dioxides occurred at one sampling site. 


Generally, the concentrations for particular pollutants were very similar for 
all four test sites. In most cases, the mean concentrations and standard devia- 
tions were so close that it was unnecessary to report a different pollutant level 
for each site. For this reason, the data from all the sites was grouped so that 
resulting mean concentrations could be computed to represent the entire base. 


These values are compared with reported national averages in Table 3. 


Nitrogen oxides and aldehydes were the only gases present in significant quan- 
tities. Sulfur was present only infrequently, and the average ambient concen- 
tration was quite low. This is accounted for by the low sulfur content of the 


15 


ON PUB -TD JOF SUOTJRUUsOUOD JO UOTINqT4ASstTq AOUsNbsiy saT}ETNWND - ¢ suNnsdTy 


@N|DA PejOJS aus OF JONbA 4O UDYS SSB] a1D JOY} SONIDA JO jJUuadied 


ous 6m - 30IxXOId N3SOULIN 


coal used. On only one occasion was ammonia detected in the gas phase. 


The value for total suspended particulates was very high. Comparisons in 
Table 3 indicate that this was the only pollutant sampled which approached the 
national average for those figures that were available. It is suspected that the 
number of unpaved roads, coupled with extensive patients in the Petepere 
area, greatly influenced this result. Nitrates were present in very low concen- 
trations, and on several occasions showed only a slight increase over the blank 


filters with which all samples were compared. The remaining particulate pol- 


lutants (chlorides, lead and sulfates) were consistently detected in measurable 


quantities. 


Of the major sources of pollution the automobile, aircraft and power plant are 
the only sources under base control. The conversion of the base power plant 
from coal-fired to gas-fired will greatly reduce its contribution to pollutant 
levels. This leaves the aircraft and automobile as the main controllable de- 


terrents to clean air on the base. 


There are approximately 13, 700 motor vehicles registered on Elmendorf. This 
figure includes both civilian and military vehicles. To facilitate an estimate of 
automobile pollution, vehicles have been considered as gasoline operated, and 
the U. S. Bureau of Highway figures on vehicle operation in urban areas (3) were 
used. These figures estimate that the average vehicle takes 3.25 eight-mile 
trips a day at an average speed of 25 mph. For these conditions, the average 
vehicle will produce approximately 0.2 lbs/day of nitrogen oxides and 0. 363 
lbs/day of hydrocarbons. Computations with these estimates have revealed 

that automobiles on base may omit as much as 2760 lbs/day of nitrogen oxides 


and 4973 lbs/day of hydrocarbons. 


17 


Table .3,- Mean Concentration .of.,Pollitants: Compared 


with the National Averages. * (ug/m?) 
Base Conc. National Average 

NO 18 141 

2 
wO-+ NO, 28 na 
SO 1 6 

2 
CH,O Pe na 
NH 0 na 
SO ro Loony 

~ 
NO 0.1 2.9 
Gir Leth na 
Pb . 43 0.8 
Suspended 96 102 


Particulates 


*National averages are taken from Air Quality Data - 1966 
Edition (7). 


Nas not available 
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Table 4 - Estimates for Aircraft Emissions 


Departure 


Turbo-prop 
Conventional Jet 


Fan Jet 


Arrival 
Turbo-prop 
Conventional Jet 


Fan Jet 


NO2 
lb. 
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Hydrocarbons 
lb. 


A report by Lozano, Melvin and Hochheiser (4) on aircraft emissions indicated 
some typical values (Table 4) for pollutants for several types of aircraft. Base 
operations at Elmendorf estimated that they handle 29, 000 flights each quarter. 
This averages 326 flights per day which are divided equally into departures and 
arrivals. It was assumed that 24% of these flights were divided equally between 
conventional and fan jets. Using these figures, the pollution contribution from 


aircraft emissions breaks down as follows: 


NO? Hydrocarbons 

Departures Flights lbs/day lbs/day 

Turbo-prop 41 78 41 

Conventional Jet 61 604 183 

Fan Jet 61 | 317 732 
Arrivals 

Turbo-prop 4] | 90 49 

1g Jet 61 653 PALE: 

Fan Jet 61 241 1037 
Total: 326 1983 2274 


The values computed for automobile exhausts clearly exceeded the estimates 
computed for aircraft emissions, yet the aircraft contaminants are by no means 


insignificant. 


VI. CONCLUSIONS 
One complete year of air sampling on Elmendorf Air Force Base revealed rel- 
atively low, but in most cases measurable levels of air pollution. As expected, 


the pollution that does exist is mainly in the form of combustion by-products. 
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Aircraft and motor vehicles are therefore the major contributors to Base air 
pollution. There is also a significant amount of suspended material in the air, 
mainly dust, which deserves equal attention. While the overall air quality of 


the base is good, the fact that pollution is present should not be overlooked. 
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Surveillance 

The study supplied valuable background data for comparison with future condi- 
tions. An extension of the air quality study is not considered at this time, since 
periodic surveillance is highly recommended. Periodic checks of the local at- 
mospheric environment would detect a more serious pollution problem in its 


developmental stages. 


Control Measures 

The findings in this study suggest areas where control measures might profit- 
ably be applied in keeping air pollution to a minimum. An example is a pro- 
gram to ensure that military vehicle and aircraft engines are properly main- 
tained. Strict regulations concerning the operating condition of privately 


owned automobiles on base is another. 


But whatever methods are employed, the protection of the air we breathe re- 
quires positive action. Surveillance and prevention will save costly time and 


effort in the future. 
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